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Background of the Invention 
10 The present invention relates to a face-seal 

fitting employing a metal gasket for connecting 
conduits used in applications requiring special 
cleanliness, wherein the fitting has minimum dead 
volume at the interior of the conduits. 
15 Face-seal fittings in the prior art employed 

gaskets which were in the form of simple circular 
annuluses, the shape of which provided no aid in 
alignment or in sealing, or which had a substantial 
surface or area projecting inside the seal, thereby 

2 0 defining crevices, or dead volumes, which were subject 

to the problem of entrapping material from the fluid 
carried by the fitting in which the gasket was 
employed. Such entrapped material can accumulate and 
later break off and flow with a fluid conveyed by the 
25 fitting, thereby contaminating semiconductor or other 
materials requiring special cleanliness. 

A gasket disclosed in U.S. Patent No. 4,854,597 
issued to Leigh improves over the gaskets of the prior 
art in that a region of the gasket with conical, or 

3 0 bevel, faces connects a wider outer ring and a 

narrower inner ring which both have sidewalls 
perpendicular to an axis formed by the tubular 
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members. This shape causes the elements of the 
fitting to align with the gasket so that a uniform 
sealing force on both sides of the gasket is achieved. 
Moreover, by virtue of the fact that the bead is 
5 rounded in axial cross section, sealing is provided 
along a single high-pressure line of contact, which 
enables a large sealing force to be applied on each 
side of the gasket. These advantages are provided 
while at the same time only a small area of the gasket 
10 projects into the fluid stream so that there is little 
area for entrapping material from said fluid flowing 
through the fitting. 

Summary of the Invention 
By the present invention, a fitting is provided 

15 in which the small area of the fitting which might 
entrap material from the fluid flowing through the 
fitting is minimized to produce a minimum dead volume 
condition and, in some embodiments, a zero dead volume 
condition. At the same time, the shape of the gasket 

20 still causes the elements of the fitting to align with 
the gasket and provides sealing substantially along 
two annular lines. These advantages are achieved by 
the provision, on the glands or other tubular members 
which comprise the fitting, of annular noses which 

25 engage opposite sides of the sealing gasket along the 
inner surfaces of the tubular members which define the 
flowpath for the fluid. Furthermore, each nose has, 
in axial cross section, a rounded outer profile shaped 
and positioned to seal against the gasket principally 

30 along two circumferential lines, a first high-pressure 
line where the rounded outer profile engages a conical 
face on the sealing gasket and a second line where the 
rounded outer profile engages a central circular 
section of the sealing gasket. 

3 5 Furthermore, it has been discovered that when 

fittings having gaskets including conical, or bevel. 
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surfaces, such as the gaskets of the above-identified 
parent applications, are assembled and tightened, a 
central opening through the gasket, which is intended 
to be substantially flush with the inner surfaces of 
5 tubular members defining a flow passage, is enlarged 
by the force of the beads or noses at the ends of the 
tubular members against the conical or beveled 
surfaces. As a result, an inner annular surface of 
the gasket defining the opening is moved somewhat 

10 radially outward of the inner surfaces of the tubular 
members. Therefore, a crevice is formed in the flow 
passage defined by the tubular members, and, although 
the resulting dead volume is minimal, the desired zero 
dead volume condition is not achieved. As a result, 

15 there is some possibility for fine particles to 
accumulate in the crevice and later break off and 
discharge into a very clean environment, such as a 
dust-free room in which semiconductor materials are 
manufactured or assembled. 

2 0 By some embodiments of the present invention, in 

order to provide a fitting with zero dead volume when 
the fitting is assembled and tightened, the gasket is 
provided with a central opening which has a slightly 
smaller diameter than the diameter of the inner 

2 5 surfaces of the tubular members which define the flow 
passage. The smaller diameter is chosen such that, 
when the fitting is tightened to an optimum point for 
making a seal, the inner surface of the gasket 
defining the opening is flush with the inner surfaces 

30 of the tubular members defining the flow passage. 

Consequently, there are no crevices for the 
accumulation of particles when the fitting is 
assembled and tightened and, therefore, zero dead 
volume is provided for the fitting in its fully 

35 tightened condition. 

In co-pending application Serial No. 07/694,066, 
a fitting is disclosed in which the wider outer ring 
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serves as a spacer which engages the radial sidewalls 
of the tubular members and limits axial movement of 
the sealing beads with respect to the gasket after a 
seal is formed. The dimensions of the gasket are 
5 designed so that the dimension of the beveled regions 
in the axial direction is slightly less than the 
distance the annular sealing beads extend from the 
radial end walls of the tubular member. The radial 
length of the beveled region is approximately equal to 

10 the radius of the sealing bead. This fitting allows 
the metal of the gasket and the sealing beads which 
form the seal to deform within its elastic limits 
while preventing, by the engagement of the outer 
section of the gasket with the radial end walls of the 

15 tubular members, excess axial movement of the tubular 
members after a seal is achieved. Such a gasket 
prevents overtightening of the fittings and increases 
the number of times seals can be made, broken and 
remade with the components of the fitting. The 

2 0 overtightening prevention feature can be employed with 

a gasket having a slightly smaller diameter than the 
diameter of the inner surfaces of the tubular members. 
In that case, the outer section of the gasket prevents 
the fitting from being tightened beyond a point at 
25 which an optimal seal is formed and the inner diameter 
of the gasket is made equal to the inner diameter of 
the tubular members. 

Brief Description of the Drawings 
Fig. 1 is an axial cross section of a first 

3 0 embodiment of a fitting according to the present 

invention in a fully tightened condition; 

Fig. 2 is an enlarged fragmentary axial cross 
section of a portion of the fitting of Fig. 1 in a 
finger-tight condition; 
35 Fig. 3 is an axial cross section of a second 

embodiment of a fitting according to the present 
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invention in a fully tightened condition ; 

Fig. 4 is an enlarged fragmentary axial cross 
section of a portion of the fitting of Fig. 3 in a 
finger-tight condition; 
5 Fig. 5 is an axial cross sectional view of a 

third embodiment of a fitting according to the present 
invention in a fully tightened condition; 

Fig. 6 is an enlarged fragmentary axial cross 
section of a portion of the fitting of Fig. 5 in a 
10 finger-tight condition; 

Fig. 7 is an axial cross sectional view of a 
fourth embodiment of a fitting according to the 
present invention in a fully tightened condition; 

Fig. 8 is an enlarged fragmentary axial cross 
15 section of a portion of the fitting of Fig. 7 in a 
finger-tight condition; 

Fig. 9 is an axial cross section of a fifth 
embodiment of a fitting according to the present 
invention in a finger-tight condition; 
20 Fig. 10 is an axial cross section of the fitting 

of Fig. 9 in a fully-tightened condition; 

Fig. 11 is an axial cross section of a sixth 
embodiment of a fitting according to the present 
invention in a finger-tight condition; 
25 Fig. 12 is an axial cross section of the fitting 

of Fig. 11 in a fully-tightened condition; 

Fig. 13 is an axial cross section of a seventh 
embodiment of a fitting according to the invention 
before a seal is achieved; 
30 Fig. 14 is an axial cross section of the fitting 

of Fig. 13 in a fully-tightened condition; 

Fig. 15 is an axial cross section of a eighth 
embodiment of a fitting according to the invention 
before a seal is achieved; and 
35 Fig. 16 is an axial cross section of the fitting 

of Fig. 15 in a fully-tightened condition. 
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Detailed Description of the Preferred Embodiments 
As can be seen from Fig. 1, a first embodiment of 
a fitting according to the present invention, which is 
designated generally by the reference numeral 10, 
5 includes an annular gasket 12, a threaded gland 14 
connected to a first conduit (not shown) , a gland 16 
having a radial flange 18 defining a shoulder 20, the 
gland 16 being connected to a second conduit (not 
shown) , and a nut 22 threadedly engaging the threaded 

10 gland 14 and having a radially inwardly directed lip 
24 engaging the shoulder 20 of the gland 16. 

The gasket 12, which is made of stainless steel, 
nickel or other metallic substance, has an outer 
circular section 26 and a central circular section 28 

15 having a reduced axial dimension. Between the 
circular sections 26 and 28 is a tapered section 30 
having conical, or bevel, faces 32 and 34 on each 
axial side thereof, as can be seen from Fig. 2. The 
conical faces 32 and 34 are concentric about the axis 

20 of the gasket 12 and are inclined at angles of about 
4 3 degrees to the axis. 

The gasket 12 is preferably manufactured by 
forming a central aperture in a metal disk, coining 
the disk to form the tapered section 3 0 and the 

25 central circular section 28. If desired, the inner 
edge can then be machined to a uniform inner diameter. 
When the gasket material is of a type which is work 
hardened by the coining process, the gasket 12 should 
be annealed after the coining process to soften the 

30 material in order to insure that the gasket will make 
a good seal. Other methods of forming the gasket 12 
may be employed, such as machining instead of coining. 

The gasket 12 is engaged on opposite sides, on 
the conical faces 32 and 34, by annular noses or beads 

35 36 and 38 defined on the glands 14 and 16, 
respectively. As the nut 2 2 is screwed on the 
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threaded gland 14, the nut 22 pulls the annular noses 
36 and 38 into engagement with the conical surfaces 32 
and 34 of the gasket 12. The conical shape of the 
faces 32 and 34 serves to automatically align the 
5 noses 3 6 and 3 8 with the gasket 12 and with each other 
as the noses 36 and 38 are forced into tighter 
engagement with the conical faces 32 and 34. As is 
shown in Fig. 2, the noses 36 and 38 each have, in 
axial cross section, a rounded outer profile which is 

10 shaped and positioned to first contact the conical 
faces 32 and 34 of the gasket 12. Upon further 
tightening, the conical faces 32 and 34 deform to 
allow the rounded outer profiles of the noses 36 and 
38 to move closer to one another and thereby engage 

15 the central circular section 28. Thus, sealing will 
occur principally along two annular lines between each 
nose 3 6 and 38 and its respective side of the annular 
gasket 12: a first high-pressure line where each nose 
36, 38 engages its adjacent conical face 32, 34, and 

2 0 a second line where each nose engages the adjacent 
side of the central circular section 28. Sealing 
forces between the noses 3 6 and 3 8 and the sealing 
gasket 12 at the junctures of the central circular 
section 28 with the conical faces 32 and 34 are less 

25 than along the previously described annular lines. In 
fact, although Fig. 1 shows a condition in which there 
is continuous engagement between the noses 3 6 and 3 8 
and the adjacent portions of the sealing gasket 12, 
there can also be conditions in which the tightened 

30 fitting has gaps between the noses 36 and 38 and the 
gasket 12 at the junctures of the central circular 
section 28 with the conical faces 32 and 34. 

The portions of the noses 36 and 38 which project 
axially the farthest from the glands 14 and 16 lie on 

35 inner surfaces of the glands which define the flowpath 
for the fluids. As can be seen from Fig. 2, before 
the fitting 10 is in a fully tightened condition, an 
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inner annular surface 39 of the central circular 
section 28, which defines the central opening in the 
gasket 12, is smaller than the diameter of the flow 
passage defined by the inner surfaces of the glands 14 
5 and 16. Engagement of the noses 3 6 and 3 8 with the 
conical surfaces 3 2 and 34 and further tightening of 
the fitting 10 imposes forces on the gasket 12 in a 
radially outward direction. The noses 3 6 and 38 
penetrate the conical surfaces 32 and 34, deforming 

10 the conical surfaces. As a result, the central 
circular section 28 is expanded radially outward, and 
the diameter of the inner annular surface 39 is 
increased. It is believed that the noses 3 6 and 38, 
by engaging the conical surfaces 3 2 and 34, push the 

15 material of the gasket 12 radially outward before any 
portion of the noses contacts the central circular 
section 28. It is also believed that when the noses 
contact the central circular portion 28, the radially 
outward expansion is slowed but not stopped. 

20 The diameter of the inner annular surface 39 in 

its relaxed state is chosen such that tightening of 
the fitting 10 to its optimum sealing condition 
results in enlargement of the diameter of the inner 
annular surface 39 to equal t^he diameter of the fluid 

25 passageway through the glands 14 and 16, as shown in 
Fig. 1. This causes the inner annular surface 39 to 
be flush with the inner surfaces of the glands 14 and 
16 and establishes a zero dead volume condition when 
the fitting is tightened to its optimum sealing 

30 condition. For example, for glands 14 and 16 having 
an inner diameter of 0.250 inches, a gasket 12 having 
an inner annular surface 39 with a diameter of 0.246 
inches in its relaxed condition is used. When the 
fitting 10 is tightened to its optimal sealing 

35 condition, the diameter of the inner annular surface 
39 is increased to 0.250 inches, and the inner annular 
surface is flush with the inner surfaces of the glands 
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14 and 16. For glands 14 and 16 having an inner 
diameter of 0.500 inches, a gasket 12 having an inner 
annular surface 39 with a diameter of 0.496 inches is 
used. When the fitting is tightened, the diameter of 
the inner annular surface is increased to 0.500 inches 
and made flush with the inner surfaces of the glands 
14 and 16. Thus, for both mentioned gasket sizes, the 
diameter of the inner annular surface 39 increases 
0.004 inches. It is to be noted that tightening of 
the fitting 10 beyond its optimal sealing condition 
causes the diameter of the inner annular surface 39 to 
decrease. 

The axially farthest projecting portions of the 
noses 36 and 38 have an inner diameter which is the 
same as the inner annular surface 39 of the gasket 12. 
By this structure, no portion of the noses 3 6 and 38 
extends into the flow path defined by the conduits and 
the glands 14 and 16, and the radially innermost 
portions of the noses 3 6 and 3 8 engage the central 
circular section 28 of the gasket 12 so that there are 
no spaces or crevices between the glands 14 and 16 and 
the gasket 12. The noses 3 6 and 3 8 have an axial 
cross section of a sector of a circle, for example, 
one-guarter of a circle, in which a radius defining 
each sector lies along the inner surface of the glands 
14 and 16, as can be seen from Figs. 1 and 2. The 
sector includes a rounded outer profile (a guarter of 
a circumference) and a rectilinear inner profile (the 
radius). Thus, a joint having substantially no dead 
volume, or minimum dead volume, along the inner 
diameter of the fitting 10 is achieved. The 
combination of curved outer profile and rectilinear 
inner profile defines a shape which exerts even 
greater pressure against the gasket than does the 
semicircular cross section of the noses of U.S. Patent 
No. 4,854,597 to Leigh. 

The inner section 28 of the gasket 12 serves as 
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a place for material flow during the coining operation 
of forming the conical faces. Any material which 
might flow inside the inner diameter of the gasket 12 
is removed by the machining, if the machining step is 
5 performed. The inner section 2 8 provides a stop for 
the noses 3 6 and 38. As can be seen from the enlarged 
cross section of Fig. 2, which shows the fitting 
according to the present invention in a finger-tight 
condition, when the noses 36 and 38 of the glands 14 

10 and 16 are brought into engagement with the gasket 12, 
they make contact with the conical faces 32 and 34. 
In order to achieve a sealing contact, as shown in 
Fig. 1, the nut 2 2 is turned about 1/3 turn past the 
finger-tight condition. This tightening causes the 

15 conical surfaces 32 and 34 to be deformed, allowing 
the noses 3 6 and 38 to engage the central circular 
section 28. It also causes the inner annular surface 
39 to expand to a diameter substantially equal to the 
diameter of the inner surfaces of the glands 14 and 

20 16. 

As can be seen from Figs. 3 and 4, a gasket 12 
can be used which has an inner annular surface 39' 
equal to the inner diameter of the axially farthest 
projecting portions of the noses 36 and 38 when the 

25 gasket 12 is in its relaxed position. The inner 
annular surface 39' will be enlarged so that its 
diameter is slightly greater than, although still 
substantially equal to, the inner diameter of the 
axially farthest projecting portions of the noses 3 6 

30 and 38 when the fitting 10 is fully tightened. More 
specifically, where the diameter of the innter annular 
surface 39' is either 0.250 inches or O-SOOynches in 
its relaxed condition, it increases by O.OC^ inches 
when the fitting 10 is tightened. Therefore, there 

35 'will be some dead volume, unlike the embodiment 
illustrated in Figs. 1 and 2 in which the inner 
annular surface 39 is initially smaller in diameter 

1 
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than the inner diameter of the axially farthest 
projecting portions of the noses 36 and 38, but is 
equal to their inner diameter when the fitting 10 is 
tightened to an optimal sealing condition. It is 
5 better for the inner diameter of the inner annular 
surface 39' to be slightly greater than the diameter 
of the axially farthest projecting portions when the 
gasket is in its fully tightened condition than it 
would be for the diameter of the inner annular surface 
10 39' to be slightly smaller than the axially farthest 
projecting portions when the fitting is in its fully 
tightened position, and thereby project into the 
f lowpath. 

The minimum dead volume fitting according to the 

15 present invention can take other forms, as xan be seen 
from the embodiment of Figs. 5 and 6 . In this 
embodiment, the fitting, which is designated generally 
by the reference numeral 50, includes a gasket 52, a 
threaded gland 54, and a gland 56 having a radial 

20 flange 58 defining a shoulder 60. The gasket 52 has 
an outer circular section 62, a central circular 
section 64 having a reduced axial dimension, and a 
tapered section 66 between the circular sections 62 
and 64, the tapered section 66 having conical faces 68 

2 5 and 7 0 (Fig. 6) . The nut 2 2 having the inwardly 
directed lip 24 from Fig. 1 can be used with the 
fitting of the embodiment illustrated in Figs. 5 and 
6. Flaring portions 72 and 74 are formed by machining 
an existing fitting in which noses 76 and 78 project 

30 from the glands 54 and 56 in an annulus. By machining 
the flaring portions 72 and 74 to the point where the 
widest parts 6f the flaring portions coincide with the 
portions of the noses 76 and 78 projecting the 
farthest from the glands 54 and 56, the farthest 

35 portions of the noses lie along the flow passage. 
Thus, crevices for collecting dirt are avoided. 

Due to the flaring portions 72 and 74, the glands 
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54 and 56 have a larger inner diameter in the regions 
of their engagement withr the gasket 52. The gasket 52 
has an inner annular surface 7 9 having a diameter-^ 
equal to the inner diameter of the portions of the 
5 noses 76 and 78 extending axially farthest from the 
glands 54 and 55. Thus, the gasket 52 has a larger 
inner diameter and a smaller radial dimension between 
the inner diameter and outer diameter than does a 
corresponding gasket 12 from the embodiment of Figs. 

10 1 and 2. For example, for glands 54 and 56 having an 
inner diameter of 0.250 inches in the unflared 
portions, the portions of the noses 7 6 and 78 
extending axially farthest from the glands have an 
inner diameter of 0.312 inches and an inner annular 

15 surface 79 of the gasket 52 can have a diameter in its 
relaxed condition of 0-304 inches and an inner 
diameter in its optimally tightened condition of 0.312 
inches, equal to the largest inner diameter of the 
flaring portions 72 and 74. Where the glands 54 and 

20 56 have an inner diameter of 0.500 inches in the 
unflared portions, the portions of the noses 76 and 78 
extending axially farthest from the glands have an 
inner diameter of 0.610 inches and the inner annular 
surface 79 of the gasket 52 can have a diameter in its 

25 relaxed condition of 0.602 inches and an inner 
diameter in its optimally tightened condition of 0.610 
inches, equal to the largest inner diameter of the 
flaring portions 72 and 74. Thus, for both mentioned 
gasket sizes, the diameter of the inner annular 

30 surface increases 0.008 inches upon tightening. 

Tightening the fitting 50 beyond its optimal sealing 
condition causes the diameter of the inner annular 
surface 79 to decrease. The angle of the flaring 
portions 72 and 74 of the glands 14 and 16 results in 

35 the noses 76 and 78 having an axial cross section 
with a sector of a circle extending through less than 
one-quarter of a circle. An inner surface of each 
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nose 76, 78 defining such a sector is an extension of 
an inner surface of one of the glands 54, 56. Fig. 6 
shows an enlarged fragment of the fitting of Fig. 5 in 
its finger-tight condition, the fully tightened 
5 condition of Fig. 5 resulting from tightening the 
fitting about 1/3 of a turn from the position shown in 
Fig. 6. The principal sealing along two annular lines 
is essentially the same for the embodiment of Figs. 5 
and 6 as was described for the embodiment of Figs. 1 
10 and 2, and both embodiments operate in the same 
manner. 

As with the embodiment of Figs . 1 and 2 , the 
inner annular surface 79' of the gasket 52 can be 
equal to the inner diameter of the axial ly farthest 

15 extending portions of the noses 76 and 78 when the 
gasket 52 is in its relaxed condition, as can be seen 
from Figs. 7 and 8. However, the inner annular 
surface 79' will be enlarged somewhat when the fitting 
50 is tightened to its optimal sealing condition and, 

20 thus, there will be some, although minimum, dead 
volume in such an arrangement, unlike the embodiment 
illustrated in Figs. 5 and 6. In this embodiment, 
where the diameter of inner annular surface 79' is 
initially 0.312 inches or 0.610 inches, it increases 

25 by only 0.008 inches upon tightening and, thus, is 
still substantially equal to the inner diameter of the 
axially farthest extending portions of the noses 76 
and 78. 

As can be seen from Fig. 9, a fifth embodiment 
30 according to the present invention includes a gasket, 
generally designated by the reference numeral .80, 
which prevents overtightening of the fitting and 
limits the tightening of the fitting to an optimal 
sealing condition. In the optimal sealing condition, 
35 the diameter of an inner annular surface 82 of the 
gasket 80 is substantially equal to the inner diameter 
of the surfaces of the glands or tubular members 54 
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and 56 brought together to comprise the fitting. 
Except for the presence of the gasket 80, the fitting 
according to the third embodiment is substantially the 
same as the fitting 50 according to the second 
5 embodiment, which is illustrated in Figs. 5 and 6. 

The gasket 80 is designed to be employed between 
the tubular members 54 and 56, which have the annular 
sealing beads 76 and 78. The sealing beads 76, 78 
have an arcuate outer profile which is a modification 

10 of conventional fittings having semi-circular annular 
sealing beads. In cross section, the inner profiles 
of the sealing beads 76 and 78 define the confines of 
a conduit 84, and the outer arcuate profile engages 
the gasket 80. There is zero dead volume because of 

15 the absence of any voids, or spaces, between the 
gasket 80 and the ends of the tubular members 76 and 
78 at the surfaces of the tubular members defining the 
flow passage. As best shown in Fig. 10, the conduit 
84 defined by the interior surfaces of the tubular 

20 members 54 and 56 and the inner annular surface 82 of 
the gasket 80 results in two conical surfaces meeting 
at the inner annular surface 82 of the gasket 80. The 
resulting conduit wall is a continuous streamlined 
surface promoting laminar flow and is only interrupted 

25 by the slight seams between the gasket 80 and the 
tubular members 54, 56. 

As best shown in Fig. 9, the gasket 8 0 is an 
annular ring having three distinct sections. A narrow 
inner section 86, a middle section 88 having beveled 

30 faces 90 and 92, and a wide outer section 94. The 
beveled faces 90 and 92 engage the annular sealing 
beads 76 and 78 to effect a seal. The outer section 
94 serves as a spacer which limits the pressure that 
can be exerted on the sealing surfaces. The inner 

35 annular surface 82, which defines the flow passage, 
and an exterior surface 96 of the gasket 80 are both 
cylindrical. Fig. 9 shows the fifth embodiment of the 
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invention at the point at which the sealing beads 36 
and 38 first contact the beveled faces 90 and 92 of 
the gasket, before full tightening. Fig. 10 shows the 
fifth embodiment after full tightening and after 
5 sealing has been satisfactorily achieved. 

As with the first and third embodiments, the 
inner annular surface 82 of the gasket 80 of the fifth 
embodiment has a diameter in its relaxed condition 
which is smaller than the diameter of the inner 

10 profile of the noses 76 and 78 at their farthest axial 
projection beyond the radial end walls of the glands 
54, 56. In addition, when the fitting according to 
the fifth embodiment is fully tightened, the diameter 
of the inner annular surface 82 is enlarged by the 

15 tightening to achieve a diameter substantially equal 
to the diameter of the farthest axial ly extending 
portions of the inner profiles of the noses 76, 78. 
In the fifth embodiment, the diameter of the inner 
annular surface 82 in its relaxed condition is chosen 

20 so that it attains the aforesaid enlarged diameter at 
the point where the outer section 94 of the gasket 80 
prevents further tightening of the fitting. This is 
also the point where the optimal sealing condition for 
the fitting is achieved. 

25 With respect to the overtightening prevention 

feature, the tubular members 54 and 5 6 are drawn 
together, such as by the arrangement of the coupling 
nut 2 2 of Figs. 1 and 3. As the tubular members 54 
and 56 are drawn together, gasket 80 is sandwiched 

30 between the ends of the tubular members 54 and 56, and 
the annular sealing beads 76 and 78, v/hich project 
from the ends of the tubular itembers 54 and 56, 
respectively, engage the beveled naces 90 and 92 of 
gasket 80. Continued rotation _of t he coupling nut 

35 draws the tubular members 54 and 56 closer together 
and causes the pressure on the components of the 
fitting to increase. The metal which makes up the 
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sealing beads 76 and 78 and the gasket 80 is slightly 
malleable, which facilitates the formation of an 
helium-tight seal. 

As best shown in Fig. 9, as each sealing bead 76, 
5 78 engages the respective beveled face 90, 92 of the 
gasket 80, it exerts a force on the gasket having both 
an axial component and a radial component. Because 
the faces 90, 92 are beveled, the radial force 
components tend to push the gasket 80 radially 

10 outward. The radial force also enlarges the diameter 
of the inner annular surface 82 of the gasket 80 to a 
diameter equal to the largest diameter of the inner 
surfaces of the tubular members 54 and 56 defining the 
flow passage. The diameter of the inner annular 

15 surface 82 in its relaxed condition is chosen such 
that the diameter in an expanded condition is equal to 
the largest diameter of the inner surfaces of the 
tubular members 54 and 56 when further tightening of 
the coupling is prevented. The radial force also 

20 ensures an even distribution of pressure around the 
entire seal. A reactive force tends to force the 
sealing beads 76, 78 radially inward towards the flow 
passage formed by the tubular members 54 , 56 . As the 
sealing beads 76, 78 and the beveled faces 90, 92 come 

25 together, the surfaces of these components which make 
up the seal tend to slightly deform as a consequence 
of the pressure exerted at the point of the seal, as 
is shown in exaggeration in Fig. 10. Slight 
deformation is required to achieve the seal and is 

30 advantageous because, upon deformation, the metal of 
the components fills any void spaces. Upon 
disassembly, the beads 76, 7 8 return to their 
unstressed shapes, because the elastic limit of the 
metal of which they are made is not exceeded when the 

35 fitting is in the fully tightened condition. 

After formation of the seal, the radial sidewalls 
102, 103 of the outer section 94 of the gasket 80 
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engage the radial end walls 104, 105 of the tubular 
elements 54, 56. When these flat surfaces meet, 
further axial movement of the tubular members 54 and 
56 with respect to the gasket 80 is prevented, and 
5 deformation beyond the elastic limits of the sealing 
beads 7 6 and 78 is prevented. The assembler can 
easily sense the point when the two flat surfaces meet 
because the resistance on the coupling nut 2 2 quickly 
and severely increases. 

10 In order for the fitting to function efficiently, 

the gasket 80 is constructed with precise dimensions 
with respect to the annular sealing beads 76, 7 8 on 
the tubular members 54, 56. As shown in Fig. 9, the 
axial distance X between the radial sidewalls 102, 103 

15 of the outer section 94 of the gasket 80 is constant, 
and the radial faces of the outer section are planar 
and perpendicular to an axis through the conduit. The 
inner circumference of the outer section 94 is equal 
to or greater than the outer circumference of the 

20 annular sealing beads 76, 78. The middle beveled 
section 88, which extends inwardly and axially, meets 
the inner section 86, which has a narrower and uniform 
axial dimension. The inner section 86, like the outer 
section 94, has radial sidewalls perpendicular to an 

2 5 axis through the conduit. The axial distance Y 
between each of the radial sidewalls of the inner 
section 86 and the adjacent radial sidewall 102.. 103 
of the outer section 94 is slightly less thafri the 
distance Z by which the sealing beads 76, 7 8 /extend 

30 axially from the radial end walls 102, 103 of the 
tubular elements 54, 56. When the sidewalls 102, 103 
of the gasket's radial outer section 94 meet the end 
walls 104, 105 of the tubular members 54, 56, further 
axial movement bringing the components together is 

35 prevented. 

As with the first and third embodiments, the 
embodiment of Figs. 9 and 10 can be modified so that 
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the diameter of the inner annular surface 82 ' of the 
gasket 80 is equal in its relaxed condition to the 
_ inner diameter of the axially farthest projecting 
portions of the sealing beads 7 6 and 78, as can be 
5 seen from Figs. 11 and 12. The inner annular surface 
82' will be enlarged slightly upon tightening of the 
fitting and, thus, will form a slight, but minimum, 
dead volume in the flow passage, as was discussed in 
connection with the other embodiments in which the 

10 diameter of the inner annular surface, in the relaxed 
condition of the gasket, equals the inner diameter of 
the axially farthest extending portions of the annular 
end formations. When the diameter of the inner 
annular surface 82' is initially 0.312 inches or 0.610 

15 inches, it increases by 0.008 inches upon tightening. 

Figs. 13 and 14 show a seventh embodiment of the 
invention before and after a seal is achieved. In 
this embodiment, also an overtightening preventing 
embodiment, the interior surfaces 106 and 107 of the 

20 tubular members 14 and 16 are in axial alignment, and 
the circumference of the conduit formed by a gasket 
110 and the tubular members is equal throughout the 
fitting. When the components are tightened as shown 
in Fig. 14, the flow passage is defined by a 

25 substantially continuous cylindrical surface. 

The gasket 110 prevents overtightening of the 
fitting and limits the tightening of the fitting to an 
optimal sealing condition. In the optimal sealing 
condition, the diameter of an inner annular surface 

30 112 of the gasket 110 is substantially equal to the 
inner diameter of the surfaces 106, 107 of the glands 
14, 16 brought together to comprise the fitting. 
Except for the presence of the overtightening 
prevention gasket 110, the fitting according to the 

35 fourth embodiment is substantially the same as the 
fitting 10 according to the first embodiment, which is 
illustrated in Figs. 1 and 2. 
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The gasket 110 is designed to be employed between 
the glands 14 and 16, which have the annular sealing 
beads 36 and 38. As best shown in Fig. 13, the gasket 
110 is an annular ring having three distinct sections. 
5 A narrow inner section 116, a middle section 118 
having beveled faces 120 and 122, and a wide outer 
section 124. The beveled faces 120 and 122 engage the 
annular sealing beads 36 and 38 to effect a seal. The 
outer section 124 serves as a spacer which limits the 

10 pressure that can be exerted on the sealing surfaces. 

The inner annular surface 112, which defines the flow 
passage, and an exterior surface 126 of the gasket 110 
are both cylindrical. Fig. 13 shows the seventh 
embodiment of the invention at the point at which the 

15 sealing beads 36 and 38 first contact the beveled 
faces 120 and 122 of the gasket, before full 
tightening. Fig. 14 shows the seventh embodiment 
after full tightening and after a seal has been 
satisfactorily achieved. 

20 As with the other illustrated embodiments, the 

inner annular surface 112 of the gasket 110 of the 
seventh embodiment has a diameter in its relaxed 
condition which is smaller than the diameter of the 
inner profile of the noses 36 and 38 at their farthest 

25 axial projection beyond the radial end walls of the 
glands 14, 16. In addition, when the fitting 
according to the fourth embodiment is fully tightened, 
the diameter of the inner annular surface 112 is 
enlarged by the tightening to achieve a diameter 

30 substantially equal to the diameter of the farthest 
axially extending portions of the inner profiles of 
the noses 36, 38. The diameter of the inner annular 
surface 112 in its relaxed condition is chosen so that 
it attains the aforesaid enlarged diameter at the 

35 point where the outer section 124 of the gasket 110 
prevents further tightening of the fitting. This is 
also the point where the optimal sealing condition for 
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the fitting is achieved. 

The seventh embodiment operates in the same 
manner as the fifth embodiment. There is a difference 
in structure between the two embodiments in that, in 
5 the fifth embodiment, an overtightening preventing 
gasket is used in connection with tubular members in 
which the flow passage is flared outwardly at the ends 
of the members, whereas, in the seventh embodiment, 
the flow passage is cylindrical at the ends of the 

10 tubular members. 

As with the previously-described embodiments, the 
inner annular surface 112' of the gasket 110 of the 
seventh embodiment can be made equal to the inner 
diameter of the axially farthest extending portions of 

15 the annular sealing beads 36 and 38, when the gasket 
110 is in its relaxed condition, as can be seen from 
Figs. 15 and 16. However, due to enlargement of the 
inner annular surface 112' when the fitting is 
tightened, a slight dead volume will be formed. When 

20 the diameter of the inner annular surface 112 ' is 
initially 0.250 inches or 0.500 inches, it increases 
by 0.004 inches upon tightening. 

The foregoing description of preferred 
embodiments of the present invention is considered 

25 illustrative rather than limiting. It is contemplated 
that various modifications can be made without 
departing from the spirit and scope of the present 
invention, which is defined in the appended claims. 
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